Broad clinical application of vectorcardiography has been limited by the lack of a single, widely accepted recording system and the paucity of firmly established diagnostic norms. Most clinical reports and texts, therefore, have used the vectorcardiogram primarily for vivid pictorial display of typical abnormalities. A recent co-operative study, in which interpretation of the vectorcardiogram by the qualitative techniques now available was compared with the 12-lead electrocardiogram, showed no advantage for the vectorcardiogram (Simonson and Tuna, 1966) . Furthermore, in recent years, evidence that the vectorcardiogram of most abnormal and many normal subjects includes a measurable "non-dipolar" component, and that there are insoluble problems in achieving complete orthogonality, has made it likely that the search for a better system of recording will be fruitless (Briller and Okada, 1965) . Therefore, many centres have decided to select a reasonably orthogonal, clinically practical recording system, and develop essentially empirical quantitative criteria for its interpretation. The Frank lead system is now widely used in the U.S.A. for this purpose.
Empirical norms for this system, essential for its broad clinical application, have been slow in appearing. The wealth of information concerning magnitude, spatial angle, and rate of change in potential obtainable from vectocardiograms has led to a diversity of approaches to quantitative analysis, some of which are so complex as to be clinically impractical. A recent extensive report by Draper et al. (1964) has finally supplied carefully analysed data on a large group of normal subjects that may serve as a standard of reference. These data, however,were obtained by the direct analysis of x, y, and z lead information, without utilizing the loops constructed from them. These leads were converted into digital information which was then studied by multidimensional analysis in a computer. Such a system is not available to most clinical services which must depend on the visual inspection of x, y, and z leads, or the loops constructed from them, as a basis for interpretation.
The purpose of this study was to analyse the vectorcardiograms of 300 normal subjects by visual inspection and manual measurements, in order to establish the range of normal by this technique for certain clinically important parameters, and, further, to compare these results with the previously published computer analysis. Furthermore, since clinical interpretation of the standard 12-lead electrocardiogram has led to the description of differences between young adults and the aged, who were not separated in the report of Draper et al., a comparison of all measurements was made between three age-groups.
SUBJECTS AND METHODS
Three hundred normal men from the Bronx Veterans Hospital were selected. All were admitted for reasons other than cardiovascular disease. Selection of cases was based on a complete history, physical examination, and laboratory data. If there was any suggestive history of angina, hypertension, or cardiac disorder, the patient was disqualified. All patients had a normal 12-lead electrocardiogram and chest x-ray film.
The Frank orthogonal lead system was used, with the subject in the supine position and the chest electrodes placed in the fourth intercostal space as recommended (Frank, 1956; Langner et al., 1958 Helm (1956) .
Analysis of the QRS loop included the measurement of the angle made by the 0-02 and 0 04 vector in each plane. The timing ofthese points was obtained by counting dots on the photograph from the onset of QRS; each represented 0 004 sec. Objection to the method of obtaining the instantaneous vector angles by inspection and plottinghas been raised by Pipberger (1958 Routine measurement of the duration of the QRS and of the rotation of the QRS loop in each plane was also made. Angular data were prepared in graphic form for ready reference. In addition, the mean, standard deviation, and standard error of the mean were calculated by standard statistical methods for all parameters. The figures listed as range of results list the total range of normal results rather than the 96 per cent range used by Draper et al.
RESULTS
The results are shown in Tables I to IV 
DISCUSSION
In Table IV which is similar to their average result finding can be considered as evidence of portance of age in evaluating deviation from
The good correlation between the measurements at 0-02 and 0-04 sec. from ti OCTANT DISTRIBUTION OF of QRS is especially important in that it implies that the identification of these points can be made on the loops by means of loop magnification and cross comparison, as was done in this study. The points selected for measurement in this study were those shown that this correlates fairly well with the mean vector in the normal subject, though not quite as well as the planimetric determination of the halfarea of the loop, which is also impractical for largescale use (Pipberger, 1957) . In abnormal loops, initial and terminal distortion and slowing of the loop frequently produce wide divergence between the mean and both the half-area and maximal vector. In these clearly abnormal loops, the separate analysis of each component is more meaningful than any averaging technique. Inspection of Table IV shows that because of the symmetrical nature of the frontal and sagittal loops in most normal subjects, the correlation between the measurement by computer of the integrated mean QRS and the measurement of the angle of the point of maximal QRS voltage is good. In the transverse plane, however, there is a wide discrepancy between the two parameters. The average maximum QRS angle is some 110 less posterior than the mean QRS, but this difference again could be explained by age. In the 25-35 age-group reported here, the average maximum QRS angle is 60 posterior to the mean value obtained in the study of Draper et al. The important difference between the two measurements is to be found in the width of the range of normal. Thus, at least in the 96 per cent of normal subjects presented by Draper et al., no mean QRS in the transverse plane is directed rightward and none is directed anterior. Such results are more consonant with projection of the values obtained in the frontal and sagittal planes upon the transverse, than are the data presented here. By our method, some subjects in all agegroups, but especially some older patients, had angles of maximum QRS directed leftward and anterior, and some subjects in all age-groups, but especially younger patients, had angles of maximum QRS vector directed rightward and posterior (Fig. 8) . None the less, accepting this systematic difference, objective norms can be established for the maximum vector angle, which do not require computer integration.
In the low voltage and generally symmetrical T loop, visual estimation of the half-area was feasible, and the correlation between these half-area and mean T angles is fairly good (Table IV) . The study by Bristow (1961) of 72 normal subjects, again mostly young, did not include instantaneous angles but gave data for maximal QRS magnitude and angle, half-area T angle, and QRS-T angle. Though the magnitudes of maximal QRS were somewhat higher, the angular measurement of maximal QRS, half-area T, and QRS-T angle were quite similar to the present study despite use of the fifth intercostal space and the sitting position. When small differences existed, Bristow's results were more similar to ours than those of Draper et al., presumably because of the greater similarity in method of analysis.
Analysis of terminal forces is more difficult than analysis of initial forces because of differences of QRS duration. Various measurements have been made using a fixed interval from the end of the QRS, or a fixed fraction of the QRS (Draper et al., 1964) . Other studies have instead plotted the angle projected by the last few counts of the QRS loop (Helm, 1956) .
The data presented here are similar to the latter but further simplified by limiting the description to whether the terminal forces are anterior or posterior, superior or inferior, leftward or rightward. This seems justified in that the normal subjects may vary widely but that the separation between anterior and posterior provides a clear separation between normal and abnormal and the other directions provide clues as to the nature of the abnormality.
It can, therefore, be concluded that a simple visual and manual method of analysis of photographed vectorial loops (Frank system) can result in quantitatively reproducible measurements which can be applied to the norms here established. These measurements, in general, correlate well with results obtained by computer analysis, and where systematic differences in method result in different data, an understanding of the differences and use of appropriate criteria can make the simple methods workable.
The features measured reflect only a small part of the information potentially available from the loop. The multiple possible comparisons of instantaneous angle, magnitude, rate of change, and comparison between parts of the loop demand computer analysis. The features measured, however, are those that are useful in characterizing many abnormalities, and can serve as a quantitative base upon which further visual interpretation ofloop form can be used.
As further objective quantitative separations between normal and various specific abnormalities become available, dependence on purely visual, descriptive interpretation will be further reduced and the accuracy and usefulness of clinical vectorcardiography enhanced.
Accuracy in determining whether a vectorcardiogram is likely to be normal can be further enhanced by the use of age-corrected normals. This is especially apparent in the measurement of maximum voltage in each plane, but inspection of the tables shows lesser differences in many other areas.
SUMMARY
The range of normal of the readily measurable features of the Frank vectorcardiogram were obtained from the study of 300 normal subjects. The results compared closely with previously reported data prepared by computer analysis of Frank x, y, and z leads, when the same parameters were measured. Data based on the range of normal of the angle of maximum QRS vector are presented.
